Foxes and feral cats are invasive predators threating biodiversity in many places around the 2 world. Managing these predators to protect threatened species should involve careful 3 consideration of biological, geographic, economic, and social aspects to ensure informed and 4 effective decision-making. This study investigates people's preferences for the ways in which 5 foxes and feral cats are managed at a conservation site in Western Australia using a discrete 6 choice experiment. We further aim to quantify the non-market values of two native threatened 7 species protected by management; Numbats and Woylies. The attributes evaluated in the 8 survey included: increased populations of Numbats and Woylies, cost of management, and a 9 range of invasive feral predator management strategies (1080 baiting, fencing, trapping, and 10 community engagement). Results show that respondents prefer a combination of management 11 strategies over the strategy of 1080 baiting that is currently being implemented, particularly 12 combinations that include trapping and community engagement. There is also strong public 13 support for increased Numbat and Woylie populations. Willingness to pay was, on average, 14 $21.76 for 100 Numbats and $7.95 for 1,000 Woylies. Including images of the threatened 15 species in the choice sets does not influence willingness-to-pay estimates. We further discuss 16 how familiarity with the species influences value. Our results feed into the conservation decision 17 making process about feral species management in the region. 18 4
Introduction 25
Invasive feral predator management is crucial to ensure the survival of many native 26 species. Invasive predators such as European red foxes (Vulpes vulpes) (hereafter, foxes) and 27 feral cats (Felis catus) seriously threaten biodiversity in many parts of the world and are listed 28 amongst the world's worst invasive species (Lowe et al., 2000) . In Australia, predation by foxes 29 and feral cats were listed as key threatening processes in the Federal Environment Protection 30
and Biodiversity Conservation (EPBC) Act (DoE, 2013 , DoE, 2015a , DoE, 2015b . Feral cats 31 and foxes are opportunistic predators with a wide dietary range. Their adaptability allowed them 32 to exploit diverse habitats and rapidly colonize the Australian mainland after being introduced by 33
Europeans in the 19
th century (Denny and Dickman, 2010, Saunders et al., 2010) . Feral cats 34 prey on 400 Australian vertebrate species including 28 IUCN-listed threatened species (Doherty 35 et al., 2015) , and have been linked to the early extinctions of seven mammalian species (Denny 36 and Dickman, 2010). Foxes and feral cats are currently a predatory threat to 103 and 142 37 EPBC-listed threatened species, respectively (DoE, 2013 , DoE, 2015a , DoE, 2015b . 38
Controlling invasive feral predator populations is imperative to increasing native species' 39 populations (Friend, 1994 , Kinnear et al., 2010 . In many cases, protection or reintroduction of 40 native wildlife is much more successful if invasive feral predators are managed concurrently 41 e.g., (Sharp et al., 2014 ), Short et al. (1992) 
. 42
Management strategies for fox and feral cat populations have commonly focused on 43 lethal methods like poison baiting, shooting, and trapping with soft-jaw or cage-style traps, and 44 non-lethal methods like predator-exclusion fencing (DEWHA, 2008a , DoE, 2015a . Poisoned 45 meat baits are often used when managing large sites, and when primary food sources (rabbits, 46 mice, native species) are absent or in low numbers (DoE, 2015a) . Shooting and trapping are 47 of both Numbats and Woylies-the species of interest in our study. Along with biodiversity 129 conservation, the Woodland is used for recreation, timber production, and Aboriginal land use 130 (DEC, 2011). The importance of the Woodland for conservation and cultural uses mean that its 131 management is also likely to be of interest to the broader WA community. cats remain key processes that threaten the survival of both species (Yeatman and Groom, 143 2012, DPaW, 2015) . Numbats are listed as Endangered (Woinarski and Burbidge, 2016b) The attributes and levels for our choice experiment (Table 1) 
208
The levels for Numbats and Woylies represented a low (status quo), medium, or high 209 increase in the populations of mature adults in five years' time. Estimates were provided by 210 conservation experts at the DPaW. A low, medium, and high increase for Numbats was defined 211 as 100, 250, and 400 mature individuals respectively (from the current level of 80), and 2,500, 212 5,000 and 7,500 mature individuals for Woylies (from the current level of 2,000). The status quo 213 option in our DCE was the continuation of DPaW's current 1080 baiting program in Dryandra 214
Woodland. This is expected to lead to a low increase in Numbat and Woylie populations (to 100 215 and 2,500 individuals respectively) at zero cost. 216
The management strategies included every combination of the following four strategies, 217 which were selected by the DPaW as the most feasible to implement in the Woodland: 1080 218 baiting, fencing, trapping, and community engagement. It was implicit that management effort 219 would be increased to improve the conservation outcome (higher Numbat and Woylie numbers Focus group testing was carried out in August 2016 with two focus groups of ten 227 participants each. The focus groups tested the survey questionnaire for clarity of the wording, , 228 the number of choice questions considered suitable to answer before mental fatigue set in, and 229 the number of alternatives deemed adequate for each choice question. We also tested the 230 appropriateness of the pictures included in the survey. Participants were shown pictures related 231 to foxes and feral cats preying on native species, the management strategies (including images 232 of animals caught in traps), and of Numbats and Woylies. The images that were included in the 233 survey were those that participants considered to be a realistic representation of what is 234 happening in the area, and that did not induce an emotive response (e.g. warm and cuddly 235 towards the native species). 236 Following Rolfe and Windle (2012), we used a combination of increased taxes, 237 increased council rates, and increased prices of certain goods and services as the payment 238 vehicle in order to avoid a protest response relating to any particular payment vehicle. This mix 239 of payment vehicles also ensured that it would be applicable to the broader population that we 240 were sampling to include those who do not pay taxes but for whom higher prices of goods might 241 be a more realistic payment (Johnston et al., 2017) . Respondents were told that higher Numbat 242
and Woylie numbers could be achieved by increasing fox and feral cat management using a 243 combination of management strategies. However, funds from all WA households would need to 244 be collected to implement management. Payment was stated to be annually for the next five 245 years. The maximum levels of the cost attribute were based on the focus group discussions, 246 with bids ranging from $0 -$500 2 . 247 248
Survey design 249
The survey was designed in Ngene (Choice Metrics Pty. Ltd.) using a D-efficient main 250 effects design. The priors for management were set to zero because there was no consistent 251 evidence about whether preferences would be positive or negative toward the different 252 strategies. The priors for Numbat and Woylie conservation were kept positive and that for cost 253 was kept negative. The design included 24 choice scenarios divided into four blocks of six 254 choice questions each. Each respondent was randomly allocated one of the blocks. Each 255 question had four unlabeled alternatives (A, B, C and D). Alternative A was the status quo with 256 1080 baiting as current management strategy, a low improvement in Numbat and Woylie 257 numbers (100 and 2,500, respectively), and no additional annual cost to respondents. The other 258 three alternatives presented additional management strategies (alone or in combination) and 259 potential improvements in Numbat and Woylie numbers, at a cost to the respondent. 260
The choice experiment survey was programmed online (Qualtrics LLC, Provo, UT, USA) 261 with three sections. The first included background information on Dryandra Woodland, 262
Numbats, Woylies, foxes and feral cats, and about the management strategies. Respondents 263
were also asked about their familiarity with the conservation site, their prior knowledge of the 264 threatened species, foxes, and feral cats. The second section described the need to improve 265 
Data analysis 308
The survey data was analysed using Stata/IC 14 (Statacorp LLC, USA). Conditional logit 309
and mixed logit models were estimated. In the initial models, all variables and interactions were 310 considered, and these were refined step by step to arrive at the final model that includes only 311
Hensher and Greene (2002) provide a comprehensive description of mixed logit models. 316
Likelihood ratio tests were performed to determine models' goodness of fit. Insignificant 317 variables and interactions were omitted from the final models. We estimated respondents' 318 marginal willingness to pay (WTP), also called the implicit price or part-worth, for an attribute as: 319
Where, βk and βC are the coefficients of the attribute k and cost C, respectively. 321
For the mixed logit models, we specified a normal distribution on all attributes except 322 cost, which was kept fixed to avoid behaviorally implausible positive estimates on costs. An 323 alternative specific constant (ASC) was included for the status quo alternative. The ASC 324 measures the utility associated with the status quo alternative that cannot be explained by other 325 variables included in the model. Two dummy variables (each) were used for the Numbat and 326
Woylie attributes -one representing a medium level gain (250 and 5,000, respectively) and the 327 other representing the high level gain (400 and 7,500, respectively) compared to their status 328 quo levels. Wald tests 4 were used to determine whether the medium-and high-level coefficients 329 for the species' attribute levels were significantly different from each other. 330 331
Results 332
We obtained 500 completed surveys from the West Australian population. Sample 333 demographics were in line with WA demographics, with an almost equal number of females and 334 males ( 4 The Wald test evaluates the degree to which the explanatory power of the restricted model (where the coefficients of the attribute levels are confined to be equal to each other) would differ from the unrestricted model having no such limitations (Rogers, 2013b) .
One-fifth of all respondents knew about Dryandra Woodland as a conservation site prior 341 to the survey (Table 2) . Of the 100 people who knew the site, 65% had visited it, with 40% 342 visiting it once in the past 5 years. A larger proportion of the sample (85.4%) had prior 343 knowledge of Numbats than of Woylies (35.4%). Of the 427 respondents with prior knowledge 344 of Numbats, 62.5% had seen a live Numbat either in the wild or in the zoo and 54% were aware 345 of their populations being in decline. Of the 177 respondents with prior knowledge of Woylies, 346 52.5% had seen a live Woylie either in the wild or in the zoo and 66% were aware of their 347 populations being in decline. The majority of respondents were aware of the predatory threat of 348
foxes (81.8%) and feral cats (82%). 349
There were 30 respondents who protested against having to pay (see Section 2.4). Most 350 protesters (19) disagreed with paying for conservation and felt that it was the duty of the 351 government to pay for it. Five respondents did not feel qualified to make the decisions and five 352 did not want to make choices between the given options. Following regular practice in the DCE 353 literature, these protest responses were removed from further analysis. 354
Interaction of the ASC with covariates such as age, gender, income, residence in the 355
Perth Metropolitan Area, prior knowledge of Dryandra Woodland and predatory threat of foxes 356 and feral cats, conservation organization membership or support, prior or current involvement in 357 invasive feral predator management were not found to be significant. Only interacting the ASC 358 with respondents who felt that their responses would influence future policy decisions 359 (ASCxPOLINF) was significant in the final model (Table 3) . Respondents with prior experience 360 with fox and/or feral cat management did not have significantly different preferences for 361 management strategies compared to respondents with no previous experience. Therefore, prior 362 experience with management was not included as a variable in the final model. 363
We tested the influence of including Numbat and Woylie images on the propensity to 364 choose the status quo and on the WTP for increased Numbats or Woylie populations. None of 365 these interactions were found to be significant and were therefore omitted from further analysis. 366
Likelihood ratio tests established that mixed logit models fit our data better than 367 conditional logit models. We will therefore discuss the results of the final mixed logit model 368 (Table 3 
NUM400xDK were not significant), whereas respondents with prior knowledge of Numbats 387 significantly preferred higher Numbat populations than the status quo level (NUM250xKNOW 388 and NUM400xKNOW both positive and significant,- Table 3 ). The coefficients on 389
NUM400xKNOW and NUM250xKNOW were not significantly different from each other (p= 390 0.952). This suggests that, while respondents preferred an increase in population from the 391 status quo, they are-on average-indifferent between increases to 250 or 400 Numbats. 392
Even the significant standard deviations on the NUM250xDK and NUM400xDK 393 coefficients indicate that, among respondents without prior knowledge of Numbats, there was 394 considerable preference heterogeneity for increasing Numbat populations to 250 or 400. . 395
Among those with prior knowledge, there was significant heterogeneity in preference for 396 increasing Numbat populations to the highest level (400) as indicated by the significant standard 397 deviation on NUM400xKNOW. 398 Unlike Numbats, respondents' preferences for higher Woylie numbers (both 5,000 and 399 7,500) were not influenced by prior knowledge of the species. We therefore did not include prior 400 knowledge of Woylies in the final model. Increases in Woylie populations over the status quo 401 scenario (WOY5000 and WOY7500) were significantly different from zero (Table 3) which 402
shows that people prefer a population increase over status quo levels. As with Numbats, there 403 was significant heterogeneity in preference for increasing Woylie populations to the highest level 404 (7,500) as indicated by the significant standard deviation on WOY7500 (Table 3) . The 405 coefficients of WOY5000 and WOY7500 were significantly different from each-other (p= 0.089) 406
indicating that respondents decidedly preferred a medium increase (5,000 Woylies) over a high 407 increase (7,500 Woylies) (as shown by the smaller coefficient estimate for WOY7500). 408
Coefficients for all management strategies except two were positive and significant at 409 the 90% level of confidence or above (Table 3 ). Trapping and fencing were preferred over the 410 status quo strategy of 1080 baiting, while the coefficient on community engagement on its own 411 was negative (respondents did not prefer this strategy over 1080 baiting). Combinations of 412 strategies generally had the largest coefficient estimates, with the combination of trapping + 413 community engagement (TR+CE) being the most preferred, followed by fencing + trapping + 414 community engagement (FE+TR+CE) and 1080 baiting + trapping + community engagement 415 (1080+TR+CE). There was little preference heterogeneity towards trapping, trapping + 416 community engagement, and combinations involving three strategies. Therefore, coefficients for 417 these strategies were kept fixed in the final model. Respondents did show significant variation in 418 preferences for some of the other management strategies. For example, even though 1080 419 baiting plus fencing (1080+FE) was not significantly preferred over 1080 baiting alone, there 420 was considerable heterogeneity in preference for these strategies as seen by their large 421 standard deviations. There was considerable variation in preference for the combination of all 422 four strategies in spite of it being significantly preferred over the status quo of 1080 baiting. 423
Marginal WTP (part-worths) were calculated for increases in Numbat and Woylie 424 numbers using the 'nlcom' command in STATA ( 
Discussions and Conclusions 447
This study seeks to determine preferences for, and quantify part of the benefits of, 448 invasive feral predator management. To the best of our knowledge, there has been very little 449 research in this area. Clapperton consider using a charismatic species to obtain funding for conservation programs that also 469 target other species. interpreted as the animal being in pain and distress (Marks et al., 2000) . This means that 496 conservation managers may need to consider alternative strategies to 1080 baiting if they wish 497 to increase public support for feral predator management. Indeed, we show that the most 498 preferred management strategies were those combinations that included trapping and 499 community engagement (TR+CE, FE+TR+CE, 1080+TR+CE, 1080+FE+TR+CE). Combinations 500 were potentially seen to be more effective than a single strategy at managing invasive feral 501 predator populations, which is in line with findings from other studies, for example, Rolfe and 502
Windle (2012). Our results provide a clear message for conservation managers that-if they 503 wish to increase social welfare from their policies-they should (i) use multiple strategies 504 instead of just one strategy, and (ii) include trapping and community engagement in the 505 management package. 506
This study investigated people's preferences for fox and feral cat management 507 strategies to ensure the survival of native WA species, and aimed to estimate the values that 508 people place on two native threatened species: Numbats and Woylies. We found significant 509 support among the WA population for a medium increase in the species' numbers. Including 510 photographs of the species in the choice sets did not significantly affect people's WTP for 511 species' conservation. We recommend that conservation policy makers use a combination of 512 strategies to manage foxes and feral cats over the use of a single strategy to increase social 513 welfare and include trapping and community engagement in the combination. 
